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Generalized scale invariance:
T, winds, humidity, O3

Platforms: ER-2, WB57F, G4 + GPS dropsondes
Frequency: Generally 1 - 5 Hz, reported
Scales: (O)103 km horizontal, 12 km vertical
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Ozone Photodissociation Rate vs. Intermittency of Temperature
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Average Temperature vs. Intermittency of Temperature



Tropospheric Ozone: Marenco et al.,JGR, 99, 16617[1994]
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Relative Humidity

Slope = 0.727 ± 0.002

-2

-1

0

1

lo
g
( 

<
|f
(x

+
r)

 -
 f
(x

)|
>

 )

4.03.53.02.52.01.51.00.5

log( r )

Wind Speed

Slope = 0.762 ± 0.002
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Winterstorms 2004, Eastern Pacific, GPS Dropsondes:
Temperature

(height-based composite variogram, 246 sondes from 13 km,
15˚- 60˚N, 120˚- 170˚W, 20040129 - 20040314)

1.5

1.0

0.5

0.0

-0.5

-1.0

lo
g

( 
<

|f
(x

+
r)

 -
 f

(x
)|

>
 )

3.02.52.01.51.00.50.0

log( r )

Slope = 0.986 ± 0.002



10
-4

10
-3

10
-2

10
-1

10
0

10
1

P
D

F

6420-2-4-6

K/m

Winter Storms 2004

Scale  = 5 m

10
-4

10
-3

10
-2

10
-1

10
0

10
1

P
D

F

-1.0 -0.5 0.0 0.5 1.0

K/m

Winter Storms 2004

Scale  = 5 m



10
-4

10
-3

10
-2

10
-1

10
0

10
1

P
D

F

-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6

K/m

Winter Storms 2004

Scale  = 50 m

10
-4

10
-3

10
-2

10
-1

10
0

10
1

P
D

F

-1.0 -0.5 0.0 0.5 1.0

K/m

Winter Storms 2004

Scale  = 50 m



5

6

7

8

9

1

2

3

4

5

6

7

8

9

P
D

F

0.100.050.00-0.05

K/m

Winter Storms 2004

Scale  = 400 m

5

6

7

8

9

1

2

3

4

5

6

7

8

9

P
D

F

-1.0 -0.5 0.0 0.5 1.0

K/m

Winter Storms 2004

Scale  = 400 m





Temperature: no LTE, no Gaussians, different scaling.

Scaling range: extend in both the horizontal and vertical.

Need both improved standard and new instruments.

Suggest selected water vapor line, fn(P,T).

Essential to improve S:N ratio, frequency and
eliminate data gaps.

Very careful siting of static pressure and temperature
ports on aircraft.

Record autopilot inputs and outputs.
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